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B E L L C O M M .  INC.  
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D. C. 20024 B70 1 0 0 2 8  

SUBJECT: Apollo 15 EVA Capab i l i t y  DATE: October 13 ,  1 9 7 0  
And Cons t r a in t s  Envelopes 
Case 3 2 0  FROM: P.  Benjamin 

MEMORANDUM FOR F I L E  

The EVA c a p a b i l i t i e s  a f forded  by t h e  PLSS co 
a b l e s  and assumed metabol ic  rates d e f i n e  o p e r a t i o n a l  e 
f o r  Apollo 15 t r a v e r s e s .  These envelopes are shown he 
E V A ' S  2 and 3 .  EVA 1 i s  t ime,  r a t h e r  t han  consumables, 
l i m i t e d  t o  6 hours.  The r ad ius  of ope ra t ions  de f ined  by 
r ideback and walkback l i m i t s  and PLSS consumables budget 
determines a c o n s t r a i n t  envelope which i s  a l s o  p l o t t e d  f o r  
EVA'S 2 and 3 .  The assumptions used f o r  c o n s t r u c t i n g  t h e s e  
envelopes a r e  i n  accord wi th  those  t o  be publ ished by MSC 
i n  t h e  Lunar Surface  M i s s i o n  Guidel ines:  

1. 

2. 

3 .  

4. 

5. 

6. 

7 .  

8 .  

9 .  

10. 

PLSS feedwater capac i ty  i s  9 . 8  l b s  (10,065 BTU) wi th  
h e a t  l e a k s  of 0 ,  1 0 0 ,  and 2 0 0  BTU/hr f o r  EVA'S  1, 2 ,  
and 3 r e s p e c t i v e l y .  

PLSS oxygen capac i ty  i s  1 .3  lbs- wi th  l e a k  ra tes  of 
.01, . 0 2 ,  and . 0 3  l b s /h r  f o r  EVA'S 1, 2 ,  and 3 res- 
p e c t i v e l y .  

PLSS b a t t e r y  capac i ty  provides  a 7 h r  c a p a b i l i t y  
f o r  a l l  EVA'S.  

The c a p a c i t i e s  above are def ined  a f t e r  allowance f o r  
a 30 minute consumables r e se rve .  

The metabol ic  ra te  for  working, i nc lud ing  overhead 
and sc i ence  s t a t i o n  a c t i v i t i e s ,  i s  1050 BTU/hr. 

The metabol ic  ra te  f o r  r i d i n g  t h e  LRV i s  700  BTU/hr. 

The metabol ic  rate f o r  planned walking t r a v e r s e s  i s  
1 2 0 0  BTU/hr a t  a speed of 3 . 3  km/hr. 

A 20% pad i s  requi red  f o r  emergency walkback, making + 

t h e  metabol ic  rate 1 4 4 0  BTU/hr a t  a speed of 3 . 3  km/hr 
f o r  t h i s  a c t i v i t y .  

The average LRV speed i s  8 km/hr on nominal r i d i n g  
t r a v e r s e s  and 1 0  km/hr i n  emergencies. 

. 

During B/SLSS opera t ion  t h e  oxygen flow r a t e  i s  
4 l b s /h r  f o r  1 . 2 5  h r s .  B/SLSS connect ion time i s  
5 min and 13 min a r e  r equ i r ed  fo r  LM i n g r e s s ,  l e a v i n g  
.95 h r s  f o r  t r a v e l  dur ing  emergency r e t u r n  t o  t h e  LM. 
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11. Overhead consumes 1.5 h r s  of EVA 2 and 1 . 7 5  h r s  of 
EVA 3. About 1 . 5  h r s  are a v a i l a b l e  f o r  a t r a v e r s e  
on EVA 1. 

The  c a p a b i l i t y  envelopes fo r  r i d i n g  t r a v e r s e s  on 
EVA'S 2 and 3 are shown i n  Figures  1 and 2 .  P o i n t s  above or 
t o  t h e  r i g h t  of t h e s e  l i n e s  exceed consumables c a p a b i l i t i e s .  
Consumables l i m i t  l i n e s  are p l o t t e d  f o r  combinations of working 
t i m e s  and t r a v e r s e  l eng ths .  Both EVA'S are water l i m i t e d  f o r  
s h o r t  t r a v e r s e s  and b a t t e r y  l imi t ed  f o r  longer  t r a v e r s e s .  Working 
t i m e  i s  p l o t t e d  i n  EVA t i m e  on t h e  l e f t  scale and t r a v e r s e  
s t a t i o n  t i m e  ( a f t e r  overhead) on t h e  r i g h t  scale. 

The c a p a b i l i t y  envelopes f o r  walking traverses on 
E V A ' s  2 and 3 are shown i n  Figures 3 and 4 .  Water i s  always 
t h e  l i m i t i n g  consumable. For walking t r a v e r s e s  t h e  maximum 
r a d i u s  of ope ra t ions  i s  3 .1  km, as de f ined  by t h e  .95 h r s  of 
oxygen f l o w  on t h e  B/SLSS and t h e  3.3 km/hr walking rate.  
Any walking t r a v e r s e  which meets a l l  o t h e r  consumables con- 
s t r a i n t s  and does n o t  exceed t h i s  r e t u r n  d i s t a n c e  does no t  
v i o l a t e  any walkback c o n s t r a i n t s .  

F igures  5 and 6 show t h e  r e t u r n  d i s t a n c e  c o n s t r a i n t s  
f o r  r i d i n g  E V A ' s  2 and 3. During t h e  e a r l y  p o r t i o n  of  t h e  EVA 
t h e  r ideback c o n s t r a i n t  (PLSS f a i l u r e )  predominates and i s  
de f ined  by t h e  .95 h r  B/SLSS oxygen flow and t h e  1 0  km/hr 
emergency LRV speed. During t h e  l a t t e r  p o r t i o n  of t h e  EVA t h e  
maximum r e t u r n  d i s t a n c e  i s  l imi t ed  by t h e  walkback c o n s t r a i n t  
(LRV f a i l u r e )  which i s  def ined by t h e  consumables remaining 
i n  t h e  PLSS t o  suppor t  a walking r e t u r n  t o  t h e  LM a t  3 . 3  km/hr 
and 1 4 4 0  BTU/hr. S i n c e  t h e  consumables remaining f o r  walkback 
are a func t ion  of  t h e  consumables used i n  working and r i d i n g  
du r ing  t h e  EVA, a t r a v e r s e  cons i s t ing  of 50% r i d i n g  and 50% 
s c i e n c e  s t a t i o n  t i m e  i s  assumed f o r  t h i s  c a l c u l a t i o n .  A t r a v e r s e  
which remains w i t h i n  t h i s  envelope m e e t s  t h e  walkback and 
r ideback c o n s t r a i n t s .  

The c a p a b i l i t y  and c o n s t r a i n t  envelopes drawn he re  
can be used f o r  pre l iminary  Apollo 1 5  t r a v e r s e  planning f o r  
bo th  t h e  nominal r i d i n g  and backup walking miss ions .  A d e t a i l e d  , 
c a l c u l a t i o n  of consumables budgets must be performed once 
d e f i n i t i v e  t r a v e r s e s  have been designed.  

2032-PB-meh 
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